Three new terpenoids of mixed biosynthetic origin were isolated from the culture filtrate of the endophytic fungus Pycnoporus sanguineus. Their structures were determined by extensive spectroscopic analyses. We have named these tricyclic and tetracyclic metabolites 'coibanoles A-C' in reference to Coiba Island and Coiba National Park, Panamá, from which the plant and endophyte were collected. The extract was inactive to the human parasites Trypanosoma cruzi, Leishmania donovani, and Plasmodium falciparum at a test concentration of 10 lg/mL.
Introduction
Endophytes are microorganisms including bacteria or fungi that live within apparently healthy tissues of host plants without causing discernible manifestations of disease. 1, 2 Endophytic microbes have been recognized as important sources of structurally novel and biologically active secondary metabolites, including terpenoids, steroids, alkaloids, isocoumarin derivatives, quinones, and lipids. [3] [4] [5] As part of the research conducted by the international cooperative biodiversity group (ICBG) located in Panamá 6-9 a number of endophytic fungi have been isolated and are under study to explore their capacity to produce natural products with activity against tropical diseases and cancer. A filamentous fungal endophyte (F0305), identified by molecular phylogenetic analysis as Pycnoporus sanguineus, was isolated from an apparently healthy, mature leaf of Desmotes incomparabilis (Rutaceae), a shrub that is endemic to Coiba Island, Veraguas Province, Panamá, the largest island in the tropical Eastern Pacific, lying within the Coiba National Park which is a UNESCO World Heritage Site. 10 The extract was obtained from liquid culture in malt extract broth (MEB) and was tested against Trypanosoma cruzi, Leishmania donovani, and Plasmodium falciparum at a concentration of 10 lg/ mL, but no activity was observed. Nevertheless, three new mixed biogenesis terpenoids ( Fig. 1) , including two tricyclocoibanoles (1, 2) and one tetracyclocoibanol (3), were isolated. These compounds belong to a general class of mixed biosynthetic terpenoids characterized by a combination of two isoprene units that are biosynthesized via the classic mevalonate pathway, and a nonterpenoid moiety. These new metabolites are six-membered cyclic a,bunsaturated ketones, having some similarity with the tricyclic arternarene series reported by Liebermann et al. and others. [11] [12] [13] [14] [15] [16] [17] Their structures were determined by extensive spectroscopic experiments (especially 2D NMR, HRMS, and IR). We have named The HMBC experiments showed correlation of H 2 -8 with C-3, C-7, C-9, and C-10, placing C-8 between A and C. Furthermore H-13 showed cross-peaks with C-12 and C-14; whereas H-11 has with C-10 and C-12 indicating together that both hydroxyls groups and the a-b unsaturated ketone are on the same ring. This was confirmed by COSY experiments where H-11 and H-13 showed correlation with H 2 -12 (2.06 and 2.32). Finally H 3 -6 0 showed correlation with C-5, C-6, and C-7.
Detailed analysis of the 2D NMR experiments (COSY, HSQC, and HMBC) led to the assignment of all signals (Table 1) 0 revealed that the A and B ring in 1 were cis-fused, similar to the tricycloalternarene (TCA) series. The main difference between coibanol A and the TCA metabolites was on the side chain; in place of a C 8 unit in the case of the TCA series compound 1 possessed a C 3 unit. Nevertheless, we have used a similar enumeration of the atom positions as used for the TCA series. 11 Additionally, the NMR data for compound 1 were similar to those reported for a known analog, ACTG-toxin E, previously isolated from the cultures of Alternaria citri and Alternaria alternata.
11,18
These species of filamentous Ascomycota are taxonomically positioned in a distinct phylum relative to the endophyte examined in the present study (phylum Basidiomycota).
Coibanol B (2) Table 1 NMR spectral data for compounds 1-2 (in CD 3 OD) and 3 (in CDCl 3 ) C-NMR which showed a methylene carbon signal at d C 70.7. Finally, the presence of a tetrahydrofuran ring in 3 was established by HMBC which demonstrated that the two protons of the oxymethylene moiety were correlated with C-11, C-12, C-13, and C-14 (Fig. 2) . These interactions confirmed the existence and nature of a fourth ring in compound 3.
In conclusion, bioprospecting in tropical areas still subsist today in intact regions like Coiba National Park in Panama, gives the opportunity to find new chemical entities and effective molecules to treat actual, emerging and new diseases. Examples are Coibanols A-C, a new class of meroterpenoids with an isopreinoid unit less then the TCA series. Coibanol C has an additional tetrahydrofuran ring.
Fungal material
Fungal endophyte F0305 was isolated from a fresh, apparently disease free, mature leaf of Desmotes incomparabilis (Rutaceae) which had been collected from a tropical wet forest on Coiba Island in the Coiba National Park, Veraguas, Panamá (7°30 0 0 00 N/81°51 0 0 00 W). A plant voucher is deposited at the University of Panamá Herbarium. As part of a larger survey of endophytic fungi, healthy leaves were rinsed in running water and cut into 1 Â 2 mm pieces, which were surface sterilized following Arnold et al. 19 Each piece was placed on 2% malt extract agar (MEA) and incubated on the bench top at room temperature for up to 3 weeks. The plates were examined every day for emerging hyphal tips; when observed, these were transferred to plates of 2% MEA and repeatedly streaked on fresh medium until pure cultures were obtained. Total genomic DNA was extracted from fresh mycelium following Arnold and Lutzoni. 20 The nuclear ribosomal internal transcribed spacers and 5.8S gene (nrITS) and ca. 600 base pairs of the adjacent nuclear ribosomal large subunit (LSU) were amplified as a single fragment and sequenced bidirectionally at the Genomics and Technology Core at the University of Arizona using primers ITS1F and LR3. 20 The fungal strain was cultured on 15 Petri dishes containing malt extract agar at 25°C for 10 days. Agar plugs were used to inoculate 12 1L Erlenmeyer flasks (one dish per flask) containing 0.6 L of malt extract media (Shaarlau Chemie). Flasks were incubated at 25°C on a rotating shaker at 170 rpm for 15 days.
Extraction and isolation
Fungal cells and broth were separated by filtration and the filtrate was extracted exhaustively with EtOAc. The organic solvent was evaporated to dryness under vacuum to afford the crude extract (213 mg). The extract was subjected to Sephadex LH-20 column chromatography (1.5 Â 19 cm), and eluted with MeOH to yield 37 fractions. The resulting fractions were combined, based upon their TLC profiles, into five fractions (A 1 -A 5 ). Fraction A 2 (132.7 mg) was subjected to semi-preparative HPLC (Nova-Pak C 18 , 4 micron, 4.6 Â 250 mm; MeCN-H 2 O (1:1); flow rate 1.2 mL/ min) to furnish 1 (6.9 mg, t R 8.3 min); 2 (9.6 mg, t R 10.6 min), and 3 (5.3 mg, t R 28 min). 
